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During the course of investigations concerning fused needle disease of 
Pinus in Queensland, the view was taken that the problem was one which was 
bound up with the mycorhizal complex of the trees concerned. - Among other 
aspects of this conception, some consideration was given to the possibility that 
different species of the fungal symbionts might cause a different growth reaction 
in the trees concerned in the root-fungus partnership. It was thought possible 
that some species of fungi might, under the conditions prevailing in Queensland, 
bring about better results as regards tree growth than others, and that if such 
a fungus could be found, the inoculation of a forest nursery with this species 
would be of definite economic value. The chance of obtaining such an 
organism would be much greater in the case of exotic species, such as Pinus 
caribæa and P. teda, than in the case of the endemic Araucaria cunninghamii. 
All three tree species are extensively used in plantation work in Queensland. 


Experiments with Pinus caribza. 


In order to gain some data on this hypothesis so far as P. caribea was 
concerned, an experiment was designed and carried out at the forest nursery at 
Beerwah in southern Queensland. A collection of seven fungi known to be 
mycorhiza formers in other-parts of the world, was obtained from two sources : 
the “ Centraalbureau Voor Schimmelcultures ” in Holland, and Dr. H. R. A. 
Muller of Java. Those obtained from the first source included Boletus viscidus, 
B. scaber, B. luteus, B. bovinus, B. elegans and Russula sp. The fungus 
B. (?) granulatus was an isolation obtained from Dr. Muller who found it 
associated with P. merkusii. In no case was any of the fungi obtained from the 
species of conifer experimented with in Queensland. Russula sp. was isolated 
from the larch in Europe. 


Preliminary experiments were first carried out in the laboratory to 
determine whether these fungi could form mycorhize with P. caribæa and 
P. teda. The method followed was that used by Melin, and consisted in 
growing sterile seedlings on a substratum of sand and nutrient solution in 
sterile Erlenmeyer flasks. All the fungi used. including local isolations of 
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B. granulaius and Rhizopogon roseolus, formed typical mycorhize with both 
species of Pinus. 

For the purpose of nursery inoculations, adequate quantities of inoculum 
containing pure cultures of each of the respective species of fungus were 
prepared by growing the fungi in two-litre Erlenmeyer flasks on a sterilised 
compost consisting of unhusked oats moistened with 2 per cent. malt extract. 
It had been found previously that the addition of malt extract produced a more 
vigorous growth of the fungi. When the oat compost was well penetrated by 
the fungus, it was considered to be suitable for inoculation purposes. 

Containers for growing pine seedlings were made from blackbutt timber 
(Eucalyptus pilularis). Each container consisted of a box two feet wide, four 
feet long and one foot deep. The containers were placed eighteen inches 
apart on a stand two feet six inches above the ground in a position sheltered 
from winds, but otherwise open. The boxes were filled with nursery soil which 
was well mixed so as to ensure that the same constituents were put in each. 
One and a half cubic feet of unrotted cowdung and two-fifths of a cubic foot of 
pine needles were then added to each box and mixed with the top four inches 
of soil. These latter constituents were added in order to ensure the presence 
of adequate supplies of organic matter for the support of the mycorhizal 
fungi. Nine boxes were prepared in this way, and, with their contents, were 
sterilised by saturating them with a 2 per cent. formalin solution and keeping 
them covered with hessian bags for three days. 

On September 3, 1937, fourteen days after sterilisation, all the boxes 
were sown with moist, cold-stored seed of P. caribæa. Before sowing, the seed 
was sterilised by washing in a mercuric chloride solution (1: 1000). The seed 
was sown in drills at the rate of twenty-four seeds per foot of drill. There 
were six drills, each two feet long, in every box. 

One week after the seed was sown, the soil in the boxes was inoculated with 
the fungus cultures previously prepared. The inoculation was carried out by 
making drills at a distance of one and a half inches from, and parallel to, each 
seed drill and filling them with the oat inoculum which was then covered 
with soil. A control box was inoculated with mycorhize obtained from 
beneath a healthy stand of P. caribæa, both B. granulatus and R. roseolus 
probably being present. This inoculum was not a pure culture. Two days 
later, the fungi from the oat inocula were observed growing through the surface 
soil covering the drills, and the first pine seedling was above ground on the 
following day. The seed germinated evenly in all the boxes and the resulting 
plants were thinned out so as to leave an average of forty-four seedlings to each 
two-foot drill of the experiment. 


Results. 
When the season’s growth had ceased and the plants had entered the 
dormant stage (May 20, 1938) the heights of all the seedlings in the various 
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boxes were measured and recorded. The results of the measurements are 
shown in the accompanying table. 


Mean Heights and Weights of Pinus caribea Seedlings Inoculated with Different Mycorhizal 


f Fungi. 
Number Mean Mean 
Species of Fungus of Height in Standard Weight in 
Seedlings. | Inches. Error. | Grammes. 
| 
| | | | 
(1) Boletus viscidus . ed 202 | 15°23 0-17 14°63 
(2) B. scaber .. ʻi 213 14°04 O17 12-95 
(3) B. luteus... ss ; 202 14°84 0-16 11-21 
(4) B. bovinus ai y 200 14°82 o-16 14°19 
(5) B. elegans .. : z 22 14°55 O-15 10-79 
(6) Russula sp. -- a a 228 13°51 9'14 9°78 
(7) Boletus (?) granulatus is 190 13-21 0:15 12-02 
(8) Control (B. granulatus and 
Rhizopogon roseolits) a 194 13/07 | O15 9-31 


Total mean height: 14-28 inches. 
Total mean weight: 11°07 grammes 


Boleius viscidus gave the best result and was significantly superior to 
B. elegans, Russula sp. and B. (?) granulatus, though not significantly superior 
to B. scaber, B. luteus and B. bovinus. 

The difference in height produced by Russula sp. and the control= 
0-44+0:205, which is significant. The difference between B. (?) granulatus 
and the control is not significant. This is interesting in that the inoculum 
used in the control contained B. granulatus. A box containing a pure culture 
of the local B. granulatus unfortunately, due to a mishap, had to be discarded 
and so no true comparison between these two fungi could be made. 


The measurements indicate that different mycorhiza-forming fungi 
as represented by the species used in this experiment, may vary considerably 
in their capacity for stimulating growth in one species of tree associate. All 
the exotic fungi used, with the exception of B. (?) granulatus, gave a significant 
response in seedling height growth at ten months of age when compared with 
the normal local mycorhizal complex as exhibited by the control. However, 
owing to the unfortunate elimination of the box containing the pure culture 
of the local B. granulatus, it is not possible to disregard the possibility that the 
low figures for the contro] were due to the interaction of other microflora 
introduced with the mycorhizal material used. From the results obtained 
from B. (?) granulatus, however, this would not appear to be so. This point 
is being further investigated. 

After height measurements were recorded, every tenth plant in each plot 
was collected for sampling purposes. These plants were cut off at the cotyledons 
and, each treatment being kept separate, dried. The roots were not used 
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owing to the difficulty of obtaining the complete root systems. The mean 
dry weight of a plant for each treatment was then determined, the results 
being as shown in the table. All the plants in each plot were not weighed, as 
it was desired to establish field plots with the inoculated plants. With the 
numbers sampled, however, the indications are that, save in the case of boxes 
4 and 7, the weight differences are proportional to the heights. Boletus 
bovinus, which was fourth in the order of height, was second in mean weight 
and much superior to B. scaber and B. luteus and the lower members of the 
series, and for this reason is considered to be second in order of desirability. 

The fact that greater growth is produced in nursery seedlings of P. caribea 
by certain mycorhizal fungi may not be of great value in itself, as the main 
part of the plant’s history is in the plantation. The relative effect of the 
various fungi on the growth of the plants in the plantation is unknown and 
would be hard to measure owing to the difficulties involved in keeping pure 
cultures of the special fungi on the roots of any one tree in the field. There 
is no reason to think, however, that the field behaviour would be other than 
that obtaining in the nursery. For the purpose of making observations on 
this point, blocks containing the trees produced in the experiment and which 
were not used for weight determinations were planted in the field at Glasshouse 
Mountains in 1938. No results can be expected from these plots for some 
years. 

Experiments with Hoop Pine. 


In contrast to the mycorhiza of Pinus caribæa, the mycorhiza of hoop 
pine (Araucaria cunninghamii) is endotrophic in form, and the exact identity 
of the fungus involved is as yet unknown. In pure culture experiments in 
Erlenmeyer flasks, hoop pine seedlings have produced mycorhize when 
grown in association with Boletus granulatus and also with an undetermined 
fungus constantly isolated from naturally occurring hoop pine mycorhize. 
The latter fungus in culture is similar to and possibly identical with 
B. granulatus, in which case no differences in reaction would be expected. 
Hoop pine seedlings failed to develop in pure culture without the presence of a 
mycorhizal fungus. 

Field experiments were carried out at Yarraman forest nursery on the 
same plan as those at Beerwah, using the two abovementioned fungi. In 
addition, unsterilized nursery soil containing the natural hoop pine mycor- 
hiza-forming fungus was used as a control. Sterilisation of the soil in the 
boxes used for the pine cultures was carried out with formalin as in the other 
experiment, and the seed sowing and fungus inoculation procedures were 
similar. 

Twelve months after sowing, at the time at which hoop pine seedlings are 
normally transplanted in nursery practice, observations recorded showed that 
there was no difference in the development of the plants which could be 
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attributed to the different inoculations. It was concluded that under the 
conditions of the experiment and with the fungi used, no different effect was 
produced by the two organisms. 


It is of interest to note that both in the flask and the box experiments, 
the fungi used produced endotrophic mycorhize with hoop pine. With 
Pinus, B. granulatus produces ectendotrophic mycorhize. It would appear 
in this connexion that with the B. granulatus-Pinus and B. granulatus-Araucaria 
associations, the nature of the mycorhize is a host, rather than a fungus, 
reaction. 


